Introduction {#s0001}
============

Antibiotics are drugs used for treating infections caused by bacteria, and they have saved countless lives.[@cit0001] Antibiotics are currently the most commonly prescribed drugs in hospitals worldwide.[@cit0002],[@cit0003] However, the inappropriate use of antibiotics contributes to the development of bacterial resistance, which accelerates the emergence and spread of resistant microorganisms and has a significant impact on the treatment outcome.[@cit0001]

Antibiotic resistance (ABR) develops when potentially harmful bacteria change in a way that reduces or eliminates the effectiveness of the antibiotic. Although ABR is a common issue, the inappropriate use and malprescribing of antibiotics are increasing the incidence of ABR.[@cit0004] ABR has been detected in all parts of the world; it is one of the greatest challenges to global public health today and the problem is growing.[@cit0003] The increasingly rapid emergence and dissemination of ABR has become a worldwide problem during the past few decades.[@cit0001],[@cit0005],[@cit0006]

Currently, the Centers for Disease Control and Prevention (CDC) warns health professionals to work in improving antibiotic prescribing practice and use in human health care, and recommends the establishment of an Antibiotic Stewardship Program (ASP).[@cit0007] Changing prescribing behaviors could be difficult, but there are proven, evidence-based methods to optimize antibiotic therapy for individuals while minimizing harm to the patient and reducing ABR in the community. Thus, the rational use of antibiotics is a major health need.[@cit0002]

Nowadays, more than ever before, ASP is of the utmost importance as a way to optimize the use of antibiotics to prevent the emergence of resistance and improve patient treatment outcomes.[@cit0008] Thus, the use of the term "antibiotic stewardship" has grown exponentially in recent years, typically referring to programs and interventions that aim to optimize antibiotic use.[@cit0008],[@cit0009] ASP comprises interventions to prevent drug-resistant bacterial infections, select antibiotic therapy targeted toward susceptible or resistant bacteria, and reduce unnecessary or inappropriate antibiotic administration and use.[@cit0010],[@cit0011] In clinical practice, ASP focuses on coordinated interventions designed to improve and measure the appropriate use of antibiotic agents by promoting the timely selection of the optimal antibiotic regimen of dose, duration of therapy, and route of administration.[@cit0012]

There is no doubt that antibiotics have vital roles in health-care systems worldwide and they are indispensable in all health-care settings. Although antibiotics are a cornerstone tool in health-care delivery in hospitals and save countless lives, up to half (20--50%) of prescribed antibiotics are inappropriately consumed, worldwide.[@cit0013] This has a substantial effect on the quality of the health-care system and therapeutic costs, and increases the rate of adverse drug events.[@cit0002]

Inappropriate use of antibiotics is prevalent, resulting in ABR, which is a big challenge in society.[@cit0001] Inappropriate use of these drugs could be harmful and lead to ABR.[@cit0013],[@cit0014] Patients with antibiotic-resistant infections are more likely to experience ineffective treatment, recurrent infection, delayed recovery, or even death.[@cit0009],[@cit0015] About 6.5% of morbidity and mortality of hospital admissions is related to inappropriate prescribing of antibiotics, although most of these events are preventable.[@cit0016]

ABR is dramatically accelerated when antibiotics are misused. This is serious, particularly in developing countries where antibiotics are not only misused but also often underused because of financial constraints.[@cit0016],[@cit0017] The study of prescribing patterns seeks to monitor, evaluate, and suggest modifications in practitioners' prescribing habits to make medical care more rational.[@cit0004] In particular, inappropriate prescribing of antibiotics is commonly suspected in hospitalized patients, resulting in the spread of ABR. As a result, it needs special attention in order to combat the emergence and spread of ABR.[@cit0002],[@cit0007]

Antibiotics are the most frequently prescribed drugs for hospitalized patients; for instance, a prospective study conducted in an Indian tertiary hospital showed that 95% of patients were on antibiotics at admission.[@cit0018] Furthermore, in Pakistan, 82.3% of hospitalized patients were taking antibiotics,[@cit0006] and a study conducted in Cameroon showed that antibiotics had been prescribed for 36.71% of participants.[@cit0020] Poor infection control, lack of ASPs, and weak laboratory capacity for culture and sensitivity testing for antibiotics are the main factors in the occurrence of irrational antibiotic use.[@cit0019] Studies have revealed that 20--50% of antibiotic utilization is not rational.[@cit0013] Establishing ASPs in resource-limited settings may help to curb the rise of ARB. Understanding local resistance patterns and antibiotic usage may help to define appropriate empiric treatment regimens and gaps to facilitate ASP development.[@cit0009]

Many previous studies conducted among Ethiopian outpatients have reported high prescribing of antibiotics, such as 71.6% by Yallew et al,[@cit0020] 74.7% by Woldu et al,[@cit0021] 66.5% by Summoro et al,[@cit0022] 58.1% by Desalegn,[@cit0023] 56.0% by Worku and Tewahido,[@cit0024] 49.6% Bilal et al,[@cit0025] and 32% by Demeke et al.[@cit0026] However, very limited data are available from Ethiopia, particularly in the study area, regarding the antibiotic prescribing patterns based on WHO antibiotic prescribing indicators among hospitalized patients, and the need for an ASP is uncertain.

Therefore, understanding the prescribing pattern of antibiotics is a key first step for the establishment of ASPs in such resource-limited settings. Thus, this study aimed to investigate prescribing patterns of antibiotics and identify the most frequently prescribed antibiotics for hospitalized patients. In addition, this work will add evidence for policy-makers to design strategies and apply interventions to enhance the sensible prescribing of antibiotics among hospitalized patients in Ethiopia and more globally. Once the prescribing pattern of antibiotics has been determined, appropriate strategies can direct the ASP toward interventions that should be made to enhance the proper prescribing practice of antibiotics for hospitalized patients. It could also be helpful as an index for other researchers who are interested in this area.

Methods {#s0002}
=======

Study Setting {#s0002-s2001}
-------------

The study was conducted at Aksum University Comprehensive Specialized Hospital (AKU-CSH). This hospital is the second largest tertiary health-care center in Tigray, Aksum, Ethiopia. The hospital is affiliated with Aksum University, College of Health Sciences. It is a teaching hospital for undergraduate and postgraduate medical and allied health sciences students. It is also the training center for those health professionals who are working in different health sectors of the region or country. The hospital is comprised of four main wards (pediatrics, medical, surgical, and gynecology/obstetrics). Among these, three wards (medical, surgical, and gynecology/obstetrics) were our study settings. Each ward in the hospital is staffed with respective specialists, general practitioners, nurses, and other health-care providers. However, there was no clinical pharmacy service for pharmaceutical care on any of the wards of the hospital.

Study Design and Period {#s0002-s2002}
-----------------------

A hospital-based prospective observational study design was used, from February 2019 to December 2019.

Source and Study of Population {#s0002-s2003}
------------------------------

All patients who were hospitalized in the selected wards of the hospital were the source of the population, and all patients admitted during the study period to the selected wards of the hospital who met the inclusion criteria were our study population.

Eligibility Criteria {#s0002-s2004}
--------------------

All patients admitted to the study wards of the hospital during the study period were included. Patients on programmed antibiotics for long-term therapy (patients on antituberculosis drugs and/or antiretroviral therapy) were excluded.

Sample Size Determination and Sampling Technique {#s0002-s2005}
------------------------------------------------

Data were collected from three wards of the hospital. Since no similar study has been conducted so far, we took the proportion (*P*) of 50% and a single proportional sample determination formula was used to estimate the study sample size of the present study.
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where *n*=required initial sample size, *Z*~*α*/2~=critical value for normal distribution at 95% confidence interval which equals 1.96 (*Z* value at alpha=0.05), *P*=proportion unsuccessful; (*P*=0.5), *q*=proportion of antibiotic use (*q*=0.05), and *d*=marginal error (3.5%^2^=0.001225). To increase the sample size, as recommended in the literature, we used 2.5−5%. $$\documentclass[12pt]{minimal}
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From this single proportion formula, the sample size was 784. Considering a 5% contingency rate for non-response, the final sample size of the study was 823 patients in the wards of the hospital. Patients were included consecutively using a quota sampling technique. During the study period, 1571 patients were admitted to those wards. Of those, we included 822 patients who were on at least one antibiotic (with a 99.88% response rate) in our analysis.

Study Variables {#s0002-s2006}
---------------

The dependent variable of this study is the antibiotic prescribing pattern (WHO indicators). The independent variables are socio-demographics (age, gender, and residence), reason for admission and comorbid conditions, antibiotic information (frequency, indication, and regimen/combination), and pattern of culture and sensitivity testing.

Data Collection Tools and Procedure {#s0002-s2007}
-----------------------------------

Data were collected following the pre-tested structured questionnaire and standard antibiotic prescribing indicators generated by the WHO, and we used a questionnaire adapted from similar studies.[@cit0001],[@cit0006],[@cit0027] Indicators are categorized into prescribing indicators, hospital indicators, patient care indicators, and complementary indicators. The WHO antibiotic prescribing indicators and the standard data abstraction format are summarized in the [[Supplementary data (Supp1](http://www.dovepress.com/get_supplementary_file.php?f=262104.docx)]{.ul}).

Data were collected from hospitalized patients as they presented for treatment on the days of the study period. Data were collected consecutively using a standard data abstraction format. Patients admitted during this period were strictly followed. The data that were abstracted from patients' medical charts included: patients' socio-demographic characteristics; diagnosis/reason for admission; dosage form and route of administration; frequency, indication, and duration of prescribed antibiotic; type and number of prescribed antibiotics; and provision of routine laboratory results for monitoring, such as antibiotic sensitivity tests. During the study period, patients' medical charts were reviewed on a daily basis and any change either in the drug chart or in the laboratory details was collected.

The prescription pattern of antibiotics was evaluated using the Ethiopian Essential Medicines List (EML). Six pharmacists were recruited. Three of them were recruited as supervisors and the other three were data collectors.

Data Processing and Statistical Analysis {#s0002-s2008}
----------------------------------------

Variables were coded, and the database was set and data were entered using EpiData Manager and EpiData Entry Client Version 4.0.2.00, respectively.[@cit0028] Then, data were exported into SPSS version 22.0 for statistical analysis. Descriptive statistics, including mean and standard deviation for continuous variables and frequency and percentage for categorical variables, were used to summarize socio-demographic and relevant clinical characteristics of the study patients and the prescribing pattern of antibiotics. Confidence intervals (CIs) were calculated to compare the prescribing patterns and level of antibiotics. The prescribing patterns of antibiotics were calculated, evaluated, and interpreted against the standard values of WHO prescribing indicators.[@cit0001],[@cit0006] Details regarding the calculation formulae are summarized in the [[Supplementary data](http://www.dovepress.com/get_supplementary_file.php?f=262104.docx)]{.ul}.

Data Quality Control {#s0002-s2009}
--------------------

A pre-test was performed on 5% of the sample a week before the actual data collection commenced, and amendments were made accordingly. Training was provided for the data collectors and close supervision was executed on a daily basis. At the end of each data collection day, completeness of the filled information was checked to ensure the quality of the recorded data. An immediate correction was made, if any mistakes were found.

Operational Definitions {#s0002-s2010}
-----------------------

### Antibiotics {#s0002-s2010-s3001}

Antibiotics are drugs that are provided for the treatment of different infections due to different species of bacteria. Antibiotics are medicines used to prevent and treat bacterial infections.[@cit0029]

### Antibiotic Resistance (ABR) {#s0002-s2010-s3002}

ABR is the ability of a microorganism to stop the antibiotic from working against it or failure of the drug to inhibit the growth of a microorganism at clinically achievable concentration.[@cit0030]

### Antibiotic Stewardship Program (ASP) {#s0002-s2010-s3003}

An ASP is a harmonized program that promotes the appropriate prescribing pattern and use of antibiotics to improve patient outcomes, reduces microbial resistance, and decreases the spread of infections.[@cit0008][@cit0031]-[@cit0034]

Results {#s0003}
=======

Socio-Demographic Characteristics {#s0003-s2001}
---------------------------------

Out of 1571 patients approached, 822 were found to be on at least one antibiotic and were included in the study. The mean±SD age of patients was 34.2±9.55 years. The majority (60.6%) of patients were female. The socio-demographic characteristics of participants are described in [Table 1](#t0001){ref-type="table"}.Table 1Socio-Demographic Characteristics of Patients Admitted to AKU-CSH, Aksum, Northern Ethiopia, 2020VariableCategoryIncluded Wards (N=822)Total Frequency (%)Proportion (95% CI)Surgical (n=384)Medical (n=313)Gyn/Obs (n=125)GenderFemale202 (40.6)171 (34.3)125 (25.1)498 (60.6)50.2--71.3%Male182 (56.2)142 (43.8)--324 (39.4)31.3--47.2%Age (years)Mean±SD31±11.136±10.225±9.334.2±8.31Marital statusNever married101 (50.8)98 (49.2)--199 (24.2)23.1--25.1Ever married283 (45.4)215 (34.5)125 (20.1)623 (75.8)73.1--78.2ResidenceRural276 (48.3)232 (40.6)64 (11.2)572 (69.6)67.2--72.1Urban108 (43.2)81 (32.4)61 (24.4)250 (30.4)28.2--31.8[^1]

WHO Indicators {#s0003-s2002}
--------------

### Prescribing Indicators {#s0003-s2002-s3001}

Out of 1571 inpatients in the hospital, a total of 1653 antibiotics were prescribed for 822 (52.3%, 95% CI 48.2--54.4%) patients. The average (mean±SD) number of prescribed antibiotics per patient was found to be 2.01±1.9, with the highest value (four antibiotics) being observed on the surgical ward for a mean±SD duration of 4.2±2.3 days, and the longest duration (11 days) being observed on the medical ward. Furthermore, the percentages of antibiotics prescribed from the EML of Ethiopia and using their generic name were 100% and 97.6%, respectively. Details regarding prescribing indicators are summarized in [Table 2](#t0002){ref-type="table"}. All antibiotics were prescribed empirically in all cases, as culture and sensitivity testing of antibiotics was not carried out at all in the hospital. Half (50.1%) of the antibiotics were prescribed for therapeutic indicationsand 44.4% for prophylactic purposes. The majority (73.7%) of inpatients on the surgical ward received antibiotics for prophylaxis. Almost all (96.2%) of the patients on the medical ward received antibiotics for therapeutic purposes, mainly (41.2%) for the treatment of pneumonia. Injection was the most common route of antibiotic administration, used in 84.8% of adult patients.Table 2WHO Prescribing Indicators of Antibiotics Among Patients Admitted to AKU-CSH, Aksum, Northern Ethiopia, 2020Prescribing IndicatorSelected Wards, n (%) \[N=1571\]Total, n=822 n (%), mean±SDProportion (95% CI)Ideal Value[@cit0001],[@cit0006],[@cit0027]SurgicalMedicalGyn/ObsPercentage of patients admitted with at least one antibiotic384 (46.7)313 (38.1)125 (15.2)822 (52.3)48.2--54.420--26Average number of antibiotics prescribed per patient974 (2.54)491 (1.57)188 (1.53)2.01±1.9--1.6--1.8Percentage of antibiotics prescribed from national FL/EML974 (100)491 (100)188 (100)1653 (100)--100Percentage of antibiotics prescribed by generic name969 (99.5)461 (93.9)183 (97.3)1613 (97.6)94--99.1100Percentage of antibiotics prescribed in injection form879 (53.2)360 (21.8)163 (9.9)1402 (84.8)82.5--87.113.4--24.1Percentage of antibiotics prescribed in oral form95 (5.7)131 (7.9)25 (1.5)251 (15.2)12.8--17.1Average duration of days antibiotic prescribed in the hospital stay4.26.81.54.2±2.3----Percentage of patients who received antibiotics for therapeutic purpose76 (19.8)301 (96.2)35 (28.0)412 (50.1)58.7--64.6--Percentage of patients who received antibiotics for prophylactic purpose283 (73.7)7 (2.2)75 (60.0)365 (44.4)29.5--34.3--Percentage of patients who received antibiotics for unknown purpose25 (6.5)5 (1.6)15 (12.0)45 (5.5)4.4--7.10Percentage of patients who received antibiotics for empiric therapy101 (100)306 (100)50 (100)457 (100)----[^2]

### Hospital and Patient Care Indicators {#s0003-s2002-s3002}

The hospital had a copy of the national Formulary List (FL), which contains 54 generic antibiotics.[@cit0035] The hospital also had a Drug and Therapeutic Committee (DTC), but this was not fully functional. No Standard Treatment Guideline (STG) or hospital FL of medicines, particularly for infectious diseases, existed in the hospital. During the study period, 65.2% of the antibiotics were found to be available in stock. In addition, the average number of days that key antibiotics were out of stock was found to be 3.8 days per month ([Table 3](#t0003){ref-type="table"}).Table 3Hospital and Patient Indicators for Prescribing Antibiotics for Patients Admitted to AKU-CSH, Aksum, Northern Ethiopia, 2020Hospital IndicatorResultsRecommendedExistence of DTC11Existence of copy of national STGs for tertiary hospitals01Existence of institutional STGs/clinical guideline for infectious diseases01Existence of a copy of national FL/EML11Existence of institutional FL/EML01Availability of a set of key antibiotics in the hospital in the study period65.2%100%Average number of days that a set of key antibiotics is out of stock/month3.80Number of sensitivity tests performed for the prescribed antibiotics0Exist[^3][^4]

### Complementary Indicators {#s0003-s2002-s3003}

Patients took antibiotics for an average (mean±SD) of 4.2±2.3 days during their hospital stay. The majority (60.2%) of antibiotics were prescribed for a duration of greater than 7 days. Nearly one-quarter (24.8%) of the patients took antibiotics for 5--7 days, and 9.9% for less than 3 days. Results for the complementary indicators are summarized in [Figure 1](#f0001){ref-type="fig"}.Figure 1Number of days prescribed antibiotics for patients admitted to selected wards of AKU-CSH, Aksum, northern Ethiopia, 2020.

Distribution of Prescribed Antibiotics {#s0003-s2003}
--------------------------------------

As shown in [Table 4](#t0004){ref-type="table"}, more than half (58.9%) of antibiotics were prescribed for patients admitted to the surgical ward. Ceftriaxone was the most commonly prescribed antibiotic on most wards, accounting for 24.5%. Ampicillin was the most frequently prescribed antibiotic on the gynecology/obstetrics ward as prophylaxis, whereas azithromycin (12.9%) was the commonest antibiotic prescribed on the medical ward, as community-acquired pneumonia (CAP) was a common reason for admission. The most frequently prescribed combination was ceftriaxone with vancomycin (31.4%), followed by azithromycin with ceftriaxone (26.8%). Nearly half (49%) of the patients received a single antibiotic, whereas 39% of patients were treated with combination antibiotics ([Figure 2](#f0002){ref-type="fig"}).Table 4Distribution of Antibiotics Prescribed for Patients Admitted to Selected Wards of AKU-CSH, Aksum, Northern Ethiopia, 2020AntibioticsInvolved Wards, n (%)Total, n (%)Proportion (95% CI)Surgical (n=384)Medical (n=313)Gyn/Obs (n=125)Ampicillin injection5 (0.5)0 (0.0)87 (46.3)92 (5.6)3.8--6.9Amoxicillin--clavulanic acid tablet85 (8.7)72 (14.7)5 (2.7)162 (9.8)7.4--11.2Amoxicillin capsule39 (4.0)101 (20.6)11 (5.9)151 (9.1)8.1--9.9Crystalline penicillin injection21 (2.2)0 (0.0)1 (0.5)22 (1.3)1.1--1.8Cloxacillin injection/capsule12 (1.2)0 (0.0)2 (1.1)14 (0.8)0.2--1.1Ceftriaxone injection255 (26.2)79 (16.1)71 (37.8)405 (24.5)22.7--26.3Cephalexin capsule84 (8.6)2 (0.4)9 (4.8)95 (5.7)4.5--6.6Ceftazidime injection14 (1.4)2 (0.4)0 (0.0)16 (1.0)0.6--1.2Ciprofloxacin injection8 (0.8)0 (0.0)0 (0.0)8 (0.5)0.1--0.9Cefepime injection65 (6.7)25 (5.1)0 (0.0)90 (5.4)4.1--6.3Vancomycin injection202 (20.7)17 (3.5)0 (0.0)219 (13.2)12.1--14.3Gentamycin injection6 (0.6)0 (0.0)2 (1.1)8 (0.5)0.1--0.9Metronidazole injection126 (12.9)31 (6.3)0 (0.0)157 (9.5)8.3--10.1Azithromycin capsule52 (5.3)162 (33)0 (0.0)214 (12.9)11.6--13.8Total974 (58.9)491 (29.7)188 (11.4)1653 (100)**Combination**Metronidazole + ciprofloxacin5 (1.7)0 (0.0)0 (0.0)5 (1.2)0.9--1.6Azithromycin + ceftriaxone32 (11.0)81 (63.3)0 (0.0)113 (26.8)24.1--27.9Ceftriaxone + vancomycin130 (44.7)2 (1.6)0 (0.0)132 (31.4)28.3--32.8Metronidazole + vancomycin55 (18.9)15 (11.7)0 (0.0)70 (16.6)15.1--17.3Ciprofloxacin + vancomycin3 (1.0)0 (0.0)0 (0.0)3 (0.7)0.2--0.9Ceftazidime + vancomycin14 (4.8)2 (1.6)0 (0.0)16 (3.8)2.2--4.3Ceftriaxone + gentamycin1 (0.3)0 (0.0)1 (0.5)2 (0.5)0.1--0.9Ampicillin + gentamycin5 (1.7)0 (0.0)1 (0.5)6 (1.4)1.1--1.9Ceftriaxone + metronidazole26 (8.9)16 (12.5)0 (0.0)42 (10.0)8.8--11.7Azithromycin + amoxicillin--clavulanic acid20 (6.9)12 (9.4)0 (0.0)32 (7.6)6.1--8.3[^5] Figure 2Numbers of prescribed antibiotics per prescription for patients admitted to selected wards of AKU-CSH, Aksum, northern Ethiopia, 2020.

Discussion {#s0004}
==========

In the present study, the prescribing pattern of antibiotics has been evaluated using WHO prescribing indicators at three selected wards of AKU-CSH, providing a way forward to establish an ASP for intervention. Therefore, this study sought to determine a comprehensive and better exemplification of antibiotic prescribing practice in selected wards of the hospital and straighten the likelihood of prescribing practice being oversight. Our hospital lacks its own institutional STG and its own FL of medicines. Furthermore, culture and sensitivity tests for common microorganisms were non-existent.

In our study, the overall antibiotic prescribing rate was found to be 52.3% (95% CI 48.2--54.4%) of patients within the study period. This finding exceeded the standard endorsed by WHO of 20--25.4%.[@cit0001] This shows a high rate of antibiotic prescription in our hospital. This figure was similar to those observed in previous studies, including 48.5% in Gondar town, Ethiopia,[@cit0036] 55.2% in Ghana,[@cit0037] 51.0% in Nigeria,[@cit0038] 51.5% in Pakistan,[@cit0039] and 54.6% in China.[@cit0040] On the other hand, our prescribing rate of antibiotics was low compared to the results reported from other studies conducted in southwest Ethiopia (64.7%),[@cit0041] southern Ethiopia (58.1%),[@cit0023] and Harar, eastern Ethiopia (66.9%).[@cit0042] Similarly, it was also lower than in studies reported from Eritrea (79.05% and 69%),[@cit0027],[@cit0043] Congo (68%),[@cit0044] India (66%),[@cit0045] and Pakistan (82.3%).[@cit0006]

On the other hand, our result for the percentage of patients on at least one prescribed antibiotic was higher than rates of 32.0% reported in Ayder hospital, northern Ethiopia,[@cit0026] 24.37% in Welo town, Ethiopia,[@cit0046] 29.4% in Gondar hospital, Ethiopia,[@cit0047] and 36.71% in Cameroon.[@cit0048] This discrepancy could be explained by the fact that these studies investigated outpatients, taking oral antibiotics only, and were conducted in the community, compared to our study which was conducted only on hospitalized patients and reported both oral and parenteral antibiotics. Furthermore, these studies evaluated the prescribing pattern of antibiotics for a shorter duration (no longer than 6 months), compared to our work with a period of 11 months (nearly 1 year). In addition, some of the studies were conducted on surgical wards, with an antibiotic utilization rate of 69%,[@cit0043] and included all drugs in Ayder, Ethiopia,[@cit0026] while other studies were conducted on outpatients, with a rate of 58% in Hawassa, Ethiopia,[@cit0023] and in primary health care in Saudi Arabia.[@cit0049]

Moreover, the average number (2.01) of antibiotics per patient in our study exceeded the standard recommended by the WHO, with a limit of 1.6--1.8,[@cit0001] showing that prescription pattern of antibiotics in the study area was similar to the 2.1--2.2 antibiotics per patient reported in other studies conducted in eastern Ethiopia and Addis Ababa.[@cit0042],[@cit0050] On the other hand, our finding was higher than the optimal values and lower than findings reported from Eritrea and Congo, in which 1.29 and 1.4 antibiotics per patient were prescribed, respectively.[@cit0027],[@cit0044]

A striking finding from our study was that all (100%) of the prescribed antibiotics were from the EML of Ethiopia.[@cit0035] This is consistent with the study conducted in Eritrea,[@cit0027] in which all (100%) of antibiotics were prescribed from the national EML. This could be explained by the fact that public hospitals in Ethiopia procure most of their medicines from the government supplier, which predominantly supplies medicines based on the national EML. Hence, prescribers in AKU-CSH are stimulated to stick to the EML, resulting in full compliance with the EML. Many studies have demonstrated deviations from meeting the target endorsed by their national EML; for example, 79% in Lesotho,[@cit0051] 98.8% in Pakistan,[@cit0039] 99.8% in India,[@cit0052] and 67.1% in Nepal.[@cit0053] Our finding adhered to the standard value endorsed by the WHO, in that 100% of antibiotics were prescribed from the EML.[@cit0054] Our study was conducted in a tertiary hospital, where the antibiotic options may not be limited to the national STG and physicians may manage their patients based on their expertise.

Another major finding from our study was that injectable antibiotics were frequently prescribed, at a rate of 84.8%. This is comparable to 81.4% in a study in Asmara, Eritrea,[@cit0027] and 82.4% in Addis Ababa, Ethiopia,[@cit0050] but higher than 68.2% in Congo.[@cit0044] Other studies conducted in Ethiopia have reported lower rates of injections being prescribed, at 11.2%,[@cit0025] 26.5%,[@cit0042] and 38%.[@cit0023] Those studies conducted on outpatients, in particular, could account for the lower percentage of injections being prescribed. In our study, it is likely that injectable antibiotics were commonly prescribed because they are reserved for hospitalized patients, and in the context of this study, such patients would be managed on wards, whereas outpatients were not included in our study. Overprescribing injectable antibiotics is considered a case of inappropriate antibiotic use.[@cit0039],[@cit0055] Therefore, prescribers in AKU-CSH need to emphasize replacing injectable antibiotics by the oral route, to reduce injection-related infections, shorten hospital stay, and decrease health-care costs.[@cit0056] This may indicate that prescribers know that they should not give as many injections as they do.

Out of 54 key antibiotics assessed from Ethiopia's national EML[@cit0035] during the study period, the stock availability of key antibiotics in AKU-CSH was found to be 65.2%. A comparable result (65.7%) has been reported in southern Ethiopia.[@cit0057] Although our finding was lower than that reported in other studies, showing stock availability of key antibiotics of 72.4% in Pakistan,[@cit0039] 87.5% in Eritrea,[@cit0027] 81.3% in Sudan,[@cit0058] and 83.3% in Zambia,[@cit0059] these values are much lower than the ideal value as key antibiotics should always be available.[@cit0001]

This result may imply a shortage of key antibiotics, which will influence prescribers in prescribing antibiotics with less effectiveness, higher costs, and greater resistance. In the study area, key antibiotics were out of stock for 3.8 days per month, which is considerably higher than the 30 days per year reported in another study in Ethiopia,[@cit0060] but lower than 6.52 days per month (78.18 days per year) in Eritrea.[@cit0027] The implication of this finding, that key antibiotics were not available for 3.8 days per month, warrants consideration by policy-makers, who may need to put legislation in place to ensure better access to these key essential drugs.

Another finding in our study was that patients took antibiotics for an average (mean±SD) of 4.2±2.3 days during their hospital stay, which is shorter than the standard duration of antibiotic use. However, the majority (60.2%) of patients were on antibiotics for a duration of longer than 7 days while nearly one-quarter (24.8%) of patients were taking them for 5--7 days and 9.9% for less than 3 days. This figure is lower than in a similar study conducted in Eritrea,[@cit0027] which reported that antibiotics were prescribed for a duration of 6.36 days. But 13.1% of patients were taking antibiotics for longer than 10 days. Shorter or longer durations of antibiotic use in the hospital require emphasis and this may improve by developing an institutional guideline.

We also found that just 96.7% of antibiotics were prescribed by the generic name, despite the aim being that 100% of antibiotics should be prescribed by their generic name. According to the WHO indicators,[@cit0001] prescribing antibiotics by their generic name is one of the straightforward indicators of using low-cost antibiotics. In the present work, 96.7% of antibiotics were prescribed by their generic name. This was slightly lower than the standard (100%) endorsed by the WHO for prescribing drugs by their generic name.[@cit0001] However, this result was higher than the rates of 49.3% and 56.1% found in studies conducted in Sudan[@cit0058] and Zambia,[@cit0059] respectively. Furthermore, our findings are similar to the results of 95.8% from a study in Sidama, Ethiopia,[@cit0022] 98.36% in Cameroon,[@cit0048] and 97% in Eritrea.[@cit0027]

In fact, prescribing antibiotics by their brand and generic name has no variance in terms of pharmacological efficacy.[@cit0061] This could be justified since prescribing drugs by their generic name decreases the odds of drug replication, as patients may lack knowledge on the use of the same drug when one physician prescribes a brand name and another a generic name, or both may use different brand names. However, there may be differences in understanding and views on the variation between generic and brand names.[@cit0062] Hence, the prescribing of antibiotics by generic names in our setting shows a good practice of antibiotic prescription and should be encouraged.

In our study, more 14 types of antibiotics were prescribed as single drugs or in combination. A notable finding was that culture and local sensitivity testing of antibiotics are not performed in our hospital, and thus all antibiotics were prescribed empirically. Prescription of broad-spectrum antibiotics is not uncommon practice, as shown in similar studies.[@cit0038]--[@cit0040],[@cit0050] For prescribing broad-spectrum antibiotics, there may be no need for cultures for the isolation of microorganisms. The most commonly prescribed antibiotic was ceftriaxone (24.5%), followed by vancomycin (13.2%) and azithromycin (12.9%). In a similar study in Saudi Arabia,[@cit0063] ceftriaxone was the most commonly prescribed antibiotic. Among hospitalized patients, pneumonia (azithromycin), suspected methicillin resistance (vancomycin), surgical site infection, and gynecological cases (ceftriaxone) were suggested as conceivable explanations for antibiotic utilization. The prescribing of such antibiotics has also been reported in other tertiary and primary health-care settings in Ethiopia.[@cit0023],[@cit0041],[@cit0050],[@cit0057],[@cit0060]

However, in studies reported from southern and eastern Ethiopia,[@cit0022],[@cit0042] Zambia,[@cit0059] and Cameroon,[@cit0048] amoxicillin was the most commonly prescribed antibiotic, whereas in Eritrea and Congo[@cit0027],[@cit0044] ampicillin (injection) was the most frequently prescribed. This discrepancy may be explained by the fact that our work was conducted in a tertiary hospital, where all prescribers are at least general practitioners who may prescribe antibiotics with lower resistance data to control complicated medical problems in patients referred from different primary health-care settings. In addition, studies conducted on outpatients in Cameroon,[@cit0038] and southern and eastern Ethiopia[@cit0041],[@cit0042] indicated that it may be feasible to prescribe amoxicillin as an oral antibiotic.

Limitations of the Study {#s0005}
========================

Our study has certain limitations. As the prescribing antibiotics pattern was investigated in a single hospital, the results of the study cannot be generalized to all hospitals in Ethiopia, and as this study was conducted among inpatients it may not represent outpatients. Furthermore, as very limited data on core antibiotic prescribing indicators are available among inpatients, we compared our findings with data based on results from outpatients.

Conclusions {#s0006}
===========

Our study evaluated the prescribing pattern of antibiotics by generic name, the availability of STGs and compliance, days on which antibiotics were out of stock, and availability of antibiotic sensitivity testing. In this study, more than half of patients were on at least one prescribed antibiotic and all antibiotics were prescribed from the EML of Ethiopia. However, all antibiotics were prescribed without culture and sensitivity tests, in all cases. This result shows that the prescribing pattern of antibiotics in the hospital deviates from and is non-compliant with the standard endorsed by the WHO. This problem may be reduced by developing an ASP, introducing the practice of antibiotics with the aid of culture and sensitivity tests, and developing institutional guidelines. Therefore, this study provides evidence for the necessity and a way forward for the establishment of an ASP in the hospital.
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